Search for supersymmetry in final
states with multiple leptons and
missing transverse energy with

the ATLAS detector
Sky French

(University of Cambridge)

on behalf of the ATLAS Collaboration

SUSY’I |
Fermilab, USA
28th August - 2nd September 201 |

4
ATEAS

Thursday, 1 September 2011



The ATLAS Experiment and the LHC

This year - 7 TeV proton-proton collisions at the

LHC have already delivered more than 2 fb"! of *

' integrated luminosity! o 3 ATLAS Oning Luminosiy a=77ov
‘ A L ST F s IucOme
The ATLAS Experiment has... = § o Gomers 2146

Total Recorded: 2.34 i

@ 2an inner detector (composed of pixels, a
silicon microstrip detector, and a
transition radiation tracker)

@ clectromagnetic and hadronic
calorimeters

@ muon spectrometer

@ an ambitious magnet system
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The ATLAS Experiment is designed to have...

| ;LAsonime Luminosiy e=7Tev p Very good particle identification, jet resolution
LHC Delivered
RRELTI : and missing energy resolution
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Supersymmetry Search Results from ATLAS

Very many search results...

=>> analysis of 35 pb"! of 2010 7 TeV collision data
=> analysis of up to | fb' of 2011 7 TeV collision data

This talk focuses on multiple lepton searches in final states
with missing transverse energy.

For all ATLAS supersymmetry search results see:
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/
SupersymmetryPublicResults
(over |3 “CONF” notes and 9 papers)
and the many presentations this week.

Both R-parity conserving supersymmetry searches (like this),
and R-parity violating supersymmetry searches
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Multiple Lepton Search Results from ATLAS

Final state leptons can be produced in different ways...

LSP escapes undetected, giving rise to high
missing transverse energy

(c) and (d) on a single-leg (opposite-sign)
+ (a) or (b) on both-legs (opposite-sign or same-sign)

/' Two categories of search in ATLAS...
ilepton final states (opposite-sign and same-sign)
Multilepton final states (three or more leptons)
(electrons and muons)

ATLAS
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Same-Sign Dilepton Search NEW

Latest
Search for exactly 2-leptons with same-sign 2011 Results

. .04 fb-
and large missing transverse energy.

Electron pt > 20 (25 if leading) GeV
Muon pt > 10 (20 if leading) GeV  Eyents are triggered using the

T T T T T T T T T S relminaty | my > 12 GeV single electron and single muon
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Good agreement between expectation and 8 3: b il bbbt ¢l :
observation for a variety of event properties. o 1+ 2 3 4 5 6 7 8 9

Jet multiplicity (pT(jet)>20 GeV)

For 2010 Results, see: In figures:
»_A‘T'L/A S} ECF)’;C 71 (2871)1:5"2;;' All backgrounds MC normalised to luminosity x cross-section.

Except “Fake leptons” component, which is data-derived.
Thursday, 1 September 2011 5




Same-Sign Dilepton Search

Two signal-regions...

ETS 100 GeV
ET > 80 GeV, 2 jets pr> 50,50 GeV
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—— SM Background

[] Fake Leptons

>
o)
)
o
Al
~
2]
h—
c
o
>
1N

10° [ Z+ets
[ Drell-Yan
102 [ Diboson
10
1
10

P . s -
St SR ';':,';'_{';';';'; e -
50 100 150 200 250

- A’
ATIAS

Thursday, 1 September 2011

ET'® [GeV]

Data overflow: 0

NEW

Latest
201 | Results
.04 fb’!

'ATLAS ' Preliminary

10° =|Ldt~1.04 fo' di-lepton [SS] ® Data2011 (Vs=7TeV)

- 5 GeV —— SM Background =
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In figures:

All backgrounds MC normalised to luminosity x cross-section.
Except “Fake leptons” component, which is data-derived.
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Same-Sign Dilepton Search

Two signal-regions...

ETS 100 GeV
ET > 80 GeV, 2 jets pr> 50,50 GeV
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Data overflow: 0

NEW

Latest
201 | Results
.04 fb’!

10" ={Ldt ~ 1.04 fb" Fi-lepton [SS]
— 2jets p >50, §0 GeV

10° =

102 =

'ATLAS = Preliminary

® Data 2011 (Vs=7TeV)
—— SM Background
[] Fake Leptons
[ Z+jets
] Drell
[ Diboson

L aoverflow: 0

In figures:

All backgrounds MC normalised to luminosity x cross-section.
Except “Fake leptons” component, which is data-derived.
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NEW

Same-Sign Dilepton Search

Latest
, 201 | Results

Standard Model backgrounds -- events with fake leptons, 1 04 fb-!
charge misidentification and dibosons
Background from fakes -- estimate using the “matrix-method”

‘Nrf - light or heavy flavour jets

‘Nre/NfR’ - tt— blrgqg, W +jets
loosen lepton selection criteria, and call these leptons “loose” (signal leptons are “tight”)

measure ‘r’ (probability of real lepton R passing the “tight” reconstruction criteria)
measure ‘f’ (probability of a fake lepton F passing the “tight” reconstruction criteria)
count in the signal region the numbers of “loose-loose” (LL), “loose-tight” (LT),
“tight-loose” (TL), “tight-tight” (TT) pairs

Nrr rr rf fr Ir Nirr
invert this matrix to find Nrg+Ngrr+NEr 1]::1'1‘ _ r(ll -r) r(ll - _/j) j|(] —fr) fl(l —f/) .-:’/\'1‘
“ 9 LT (L =r) (1=-nr7f (I - )r (1 - /) . l "I"I\’
(“Fake lepton” background) Nl len=n deniep (=-nil-r ad=n-llNe

D Background from charge misidentification --

calculate charge misidentification probability using Z Monte Carlo

apply misidentification probabilities to tt Monte Carlo events

+ + F F T
ehard — “Yhard esoft — esoftesoftehard

4
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Same-Sign Dilepton Search

NEW

Latest

201 | Results

Al
ATIEAS
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Limits on cross-section x A x e using CLs prescription | 04 fb-!
Background Obs. | 95% C.L.

SS-SR1 326 = 4.4 = 4.4 25b 10.2 fb

SS-SR2 | 249 +414+6.6 | 28 20.3 fb
Same Sign [SS-SR1] eTe™ et T nr T
Fake 3.540.742.0 14.443.240.6 0.24+4.0+1.8
Charge flip 0.731+0.05+0.06 1.10+0.07 +0.08 neg.
Dibosons 0.794+0.27+0.05 1.740.440.3 1.14+0.2+0.1
Standard Model 5.040.84+2.0 17.24+3.240.6 | 10.34+3.0+1.8
Cosmics <1073 <1073 <1073
Observed 6 14 5
Same Sign [SS-SR2] eTe™ et T ur T
Fake 1.54+0.54+2.0 13.4+43.242.7 6.7+2.5+1.8
Charge flip 0.59+0.04+0.04 1.36+0.05+0.06 neg.
Dibosons 0.254+0.06+0.13 0.940.240.2 | 0.644+0.05+0.02
Standard Model 2.44+0.5+2.0 15.6+3.24+2.7 6.94+2.5+1.8
Cosmics <1073 <103 <1073
Observed 4 14 10

“Fake leptons” are the dominant background
(with small contributions from charge misidentification and dibosons)




Opposite-Sign Dilepton Search

NEW

and large missing transverse energy.

Latest

Search for exactly 2-leptons with opposite-sign 201 | Results

.04 fb-!

Electron PT > 20 (25 if Ieading) GeV > E T T T g Data 2011 (s = 7 Tev) =
_ . S s f Ldt~1.04f" dilepton [OS] i Background .
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.8 10° = (8 Drell-Yan —= §
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In figures:
All backgrounds MC normalised to luminosity x cross-
section. Except “Fake leptons” component, which is

e _ data-derived.

80 100 120 140 160 180 200
M,[GeV]

Good agreement between expectation and

For 2010 Results, see:
EPJC 71 (2011) 1682

observation for a variety of event properties.
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NEW

Opposite-Sign Dilepton Search

Latest
eeeeeee———.. /() | | Results

>
Three signal-regions... g 1ot fLet=108" - aviepton o) égﬁfﬂwx .04 fb!
E _Fms>s 250 GeV % 1: ATLAS Preliminary Eg;;g;,;:p
Er > 220 GeV, jet pr> 80,4040 GeV
ET> 100 GeV, jet pr>100,70,70,70 GeV .

IIIIllII| IIIIllII| IIIIlllI| IIIIlllI| |11

In figures:
All backgrounds MC normalised to luminosity x cross- 10”
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section. Except “Fake leptons” component, which is Q 2
data-derived. § 1
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Opposite-Sign Dilepton Search

Three signal-regions...

Entries / 10 GeV

Ey > 250 GeV
ET > 220 GeV, jet pr > 80,40,40 GeV

miss

Er> 100 GeV, jet pr>100,70,70,70 GeV

In figures:
All backgrounds MC normalised to luminosity x cross-

T T T I
[ J
—— SM Background

[ Fake leptons
BB Z+ets
[0 Drell-Yan
 —

@ Dibosons
@ Single top

T T T T I T T T T
Data 2011 {s =7 T4

NEW

Latest

201 | Results
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section. Except “Fake leptons” component, which is
data-derived.
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NEW

Opposite-Sign Dilepton Search

Latest
Standard Model backgrounds -- , : 201 | Results

WW,WZ, ZZ, single top and events with fake leptons .04 fb-

» and Z+jets -- normalise data to Monte Carlo using suitable control
mcT exploits kinematics of

reglons | | A tt — (Tvbl™ vb decay
- control region:“top-tag” events using the mcr variable
- control region: low Et, mi compatible with a Z boson
WW,WZ.,7Z7 and single top -- event yields taken from Monte Carlo

Background from fake leptons -- estimate using the “matrix-method”

Limits on cross-section x A x e using CLs prescription
Background Obs. | 95% C.L.
OS-SR1 | 155 12+ 44 13 9.5 fb
7N\ OS-SR2 | 13.0 £1.8+4.1 | 17 15.2 fb
| OS-SR3 57+ 1.1+ 35 2 5.0 tb

tt is the dominant background
(followed by Z+jets, then smaller contributions from the others)

ATLAS

Thursday, 1 September 2011 13



Opposite-Sign “Flavour Subtraction” Search

Use the selected opposite-sign events to search for an excess of
opposite-sign dileptons with identical-flavour, over those of different-

flavour...
these decay chains offer

one of the best routes to the
measurement
of SUSY particle masses

via edges in the flavour subtracted mi Flayour “symmetric” backgrounds like

distribution tt — (Tvbl~vb “cancel”.
Quantify the identical-flavour excess using the
variable “S”’ ratio of electron to muon reconstruction efficiencies and acceptances
- D

g_ _(N(e*eT)  (AN(u*p7) N(e*pT)
N1-7)2?) -1 -m)?) 11— ) - 7)

| ¥ ¥ ’

muon trigger electron trigger
efficiency efficiency

estimate the N using the same
techniques used for the opposite-sign
analysis

ATEAS
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NEW

Opposite-Sign “Flavour Subtraction” Search

. Latest
miss

Signal Region Et > 250 GeV S
Observe Sobs in data  Sgps = -3.1+/- 0.003

Check consistency of Sops with the Standard Model
using pseudo-experiments
sample the mean number of background events expected in each
channel (dielectron, electron-muon and dimuon)
$use sampled means to construct three Poisson distributions

draw observed events in each channel
from these and calculate Spseudo-obs
=>77% of pseudo-experiments have
K-\r\ecorded S > Sobs

& :

- 5\
Ve -
AN -
[
»

—
()
w

N
(=)

ATLAS Preliminary S=0.4+4.6

Experiments
N B O ®

—_
o

For 2010 Results, see:  T— . T
E’K 7' (20' I) l“’ Spseudo-obs
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NEW

Opposite-Sign “Flavour Subtraction” Search

_ Latest
MmIssS

Signal Region Et > 250 GeV S
Observe Sobs in data  Sgps = -3.1+/- 0.003

Check consistency of Sops with the Standard Model

using pseudo-experiments
sample the mean number of background events expected in each
channel (dielectron, electron-muon and dimuon)
use sampled means to construct three Poisson distributions

draw observed events in each channel

20— t

from these and calculate Spseudo-obs oL ATLAS Preliminary
=>77% of pseudo-experiments have N3

Ncorded S > Sobs 12}

(‘ 10F

S=0.4+4.6

Experiments

width (RMS) driven
by Poisson

fluctuations in tt

background

a deviation of Sy from zero
would be due to Z events in 4
signal region 5

7 [ For 2010 Results, see: ] _Q; - - e T 20
Acl—_t/A S, E’_’C 71 (20' |) | 647 Sob pseudo-obs

Thursday, 1 September 2011 16




NEW

Opposite-Sign “Flavour Subtraction” Search

Latest
201 | Results
.04 fb’!

Set limits on supersymmetry
add hypothesised numbers of events in each channel from
supersymmetry to the Standard Model counts

sample as before also observe no significant

set the contributions so that % S < Sebs is 5 % deviations from the Standard
Model in alternative signal-

¢ regions:

" Et > 80 GeV, at least 2 jets

mISS

Er > 80 GeV,"“Z-veto”

Under assumption that for supersymmetry,
BR(II’) = O, Limit on Ss < 4.9 at 95 % C.L.

C |||||||||||||||||_ >240__|_|||I|||.||.||||||||||||||||||||1__
E ~ ATLASPreliminary  _,_ Data2011(s=7TeV)SF - 0o0E- ATLAS Preliminary ¢ pata2011(s=7Tev)SF 3
o 280~ —o— Data2011 {s=7TeV)DF 9 = —o— Data 2011 s =7 TeV) DF
S S N S SM Background SF ] > 200 — ===~ SM Background SF =
-:]E; 200/— ’/// SM Background DF ] "a:: 180 ¢#7+% SM Background DF —
T - [ Fake leptons (SF) ] o 160F (] Fake leptons (SF) =
- I z-+iets (SF) i 140E- 0 z+jets (SF) =
150— [ Drell-Yan (SF) ] 120F [ Drell-Yan (SF) 3
R A . = CJish E
5 o B Diboson (SF) N 100 B Divoson (SF) =
100— \ [ single top (SF) ] 80 [ single top (SF) =
- 4 601 —
50 s det~1.04fb - “or E
‘ = 20 & =
0 0
(l_l,3 2 ............................................ T L T T T T T —] (L,|3 2
A —— 48
% O PP _- R O Lo -
. - , g .
A‘T- t’A S Qo 0 50 100 150 200 250 >300 A 0 50 100 150 200 250 >300
, »)
: M, [GeV] M, [GeV]
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Multilepton Search 2010 Data

+ =0 . .
If X;,X, are copiously produced, expect final states with 3 or more
leptons (“golden channel” for supersymmetry at the Tevatron).

Search for final states with 3 or more isolated leptons: pt > 20, 20,20 (10) GeV
for electrons (muons)

LA S LA A B L B T LN B S A A B

% > - ™TrT ™7 ™Tr—T ™ vvavv T 'v_‘ > ™rT T vvv1VVVvVYv T ™rTrT T IVIVYV 'vvva T TYTITorry
o \s=7TeV IL dt = 34 pb’ +aam2(():10' 8 10,; \s=7 TeV Jl dt = 34 pb’ q; 8 10 \s=7TeV Jl dt = 34 pb’ 3
o = Monte Carlo E 1 - 3
- ATLAS Preliminary =!z~. .Z;s g ATLAS Preliminary ] g ATLAS Preliminary
% (o I 8 B ‘ N €
Q O dibosons GC, 10% E o
> 3 Drell Yan > = 3 w
w «++e mSGpt L .
- PGpl1
1k wm .
pooad -o._,.»-_._.‘..‘f. - § : :-L 3
T T N — ]
s'“:. -q:,_,, Terane s ..'.'..I...‘-o-.“ 10 - g :,.._|_‘_ ..... u g —%
!I . 102%— B | = - - - - - 3
- e S N e PR B PV PP EPEPEP EPEPEP EPEPEE — — R SR I e o s T T
150 200 25( 0 20 40 60 80 100 120 140 0 10 20 30 40 50 60 70 80 90 100
p, leading lepton (GeV] P, 2™ leading lepton [GeV] P, 3" leading lepton [GeV)
/\ Ob 19 ¢ ‘mSGpt’: mMSUGRA point,
/ \ Serve. even S (mo m|/2,A0) = (80, |80, 0) Ge\/, tanﬁ= 3’1“"> 0
3 ° ¢ " I: o .
Predict: 16.6 +/- |.3 PGptl’: light LSP PhenoGrid point (see later)

(none of these candidates have four or more leptons
with pt above threshold)

ATLAS
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Multilepton Search 2010 Data

S S Rt
10°E \s=7Tev det=34pb‘
ATLAS Preliminary

Further require --

At least 2 jets with pt > 50, 50 GeV

ET > 50 GeV

my > 20 GeV for opposite-sign same-flavour
pairs (but not within 5 GeV of the Z mass)

10+‘

Events / 20 GeV

No events are observed in data
Monte Carlo predicts

Loanrd b rdbennd

0 20 40 60 80 100

. pt ol o g g Peepeepe——" J
120 140 160 180 200
E, [GeV]

+0.036

% 104 T T I e e e T
§ \s=7TeV det:GMpb‘ -O-EqatatZ(c);Ol O. I 09 -l- 0.023
3 === Nonte Carlo
w10 ATLAS Preliminary - els -0.025
102 8g|bosons . -
gggg;an Virtually all tt
3 t B S (< 0.0l events from Z+jets)
' | Dominant Systematic Uncertainties
I — jet energy scale (12%)
ISR electron energy scale (20%)
. o
8 Enberof fetz e!ectron energy resolution (10%)
‘ pile-up (11%)
— - MC cross-sections (10%
ATEAS (19%)
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Multilepton Search 2010 Data

Set limit on cross-section X A x e -- 62 fb at 95% confidence

MSUGRA/CMSSM: tanfl = 3, A = 0, u>0 L™ =34pb", \s=7 TeV

L T T T ] T T T L] ]' T L2 1 L2 I Ll J Ll T ] Ll L T T

ATLAS Preliminary —— Observed limit 95% CL
multilepton

320

MSUGRA/CMSSM Exclusion

300 2. .
“similar exclusion bound to the Tevatron

- ==+ Median expected limit

q (600 GeV) - LEP2I—

LEP2

m, . [GeV]

280

260 »
DOY.%,

240 "%

D0g,q, u<oh, 2.1 "

B COF §.4. tanB=5, 2 fo

220 =¥

“PhenoGrid”

200 o i .
800 MSSM PhenoGrid2 L™ = 34 pb”, \s=7 TeV
180 q (500 GeV) ; ll'l.‘I]I‘[T'ITI']‘TITTTT']'I']II'TITIIII]I]T]'T']
o/ e S 750 : ATLAS Preliminary
140 B // //// ™ h"v i b4 Observed limit 95% CL (Comp. spectrum)
. / / i /,//,,’/////[/////,, e = 700 '.. - = Median expected limit (Comp. spectrum)
50 100 150 200 250 300 % Observed limit 95% CL (Light neutralino)
m, [GeV] 650 A Median expected limit (Light neutralino)
600 :
‘0 o’.. - .00
. . 550 o.... .‘.0 LTI »
Interpretation in more general 24 00
parameter MSSM framework -- B ey
. 450 o+ R
 Compressed particle e — +» RTINS
R SRS 2 E R RRH IR KRR R RS RHH IR R A A LA
N 41010 BRI AR R R R R R R R s
spectrum SO fte r I eptons R XX K577 G KRR K IR KK KX IR IR K XXX KK I X X IXRK K XXX KKK XX R T
5 ,-
ERIXISP 2K IKHKIKIHKIIKIIHIHKILHIHKIIKIIIHKIIHKIHKIIHKIHKIIKIKHKIHKKHKIKKOE
PRI ALK IR HKIRIKIKIKIKIIHKIHKIRIKIIKKHK AR KKK K
. 350 BRI KKK ES
o Mor’e favourable mMass hlel"al"ch b XXX AKX IH A A A A HK AR A A A I A A
) 00070700 00 0000 0 20 20700 20 %0 7070 20 20 0 %6 20 20 %0 76020 20 0 %676 2 20 2670 2 20 0 %0 %0 20 0 %e
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. I | g h t LS P —) h a rd er I e Pt ons 30 et 00000 0 Y O 0 00 00 Pt Y % Y N Vo0 0 0 Va0t 0% O Y N O O
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ATEA S
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The LHC has delivered over 2 fb"! of 7 TeV collision data
(reaching the | fb-!' milestone in July)!

The ATLAS detector is performing very well and producing lots
of new physics results.

This talk has summarised the latest search results for
supersymmetry in final states with

=> two leptons (opposite-sign, same-sign and “flavour
subtraction”)
=> and three or more leptons

#~ \. No deviations from the Standard Model expectation seen
x”) so far..

Keep an eye out for future “multiple lepton” search results
from ATLAS

http://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults

ATLAS

Thursday, 1 September 2011
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Summary of Supersymmetry Search Results

MSUGRA/CMSSM : O-lep +j's+ E, .

MSUGRA/CMSSM : 1-lep +j's+ E, .

MSUGRA/CMSSM : multijets + E,
Simpl. mod. (light 7)) : 0-lep + j's + £, ...
Simpl. mod. (light 7)) : 0-lep + j's + E .,
Simpl. mod. (light z"’) :0dep+j's+E, ..

Simpl. mod. (light 7]':) :0-lep+bjets+j's+E, .
Simpl. mod. (Gtt7)) : 1-lep + bjets +'s + E, ..,
> Pheno-MSSM (light 7)) : 2-lep SS + £ .,
Pheno-MSSM (light -,;‘:) :24epOS_ +E, ..
Simpl. mod. (§> qGx ) : 1-lep+js+E

I amiss

GMSB (GGM) + Simpl. model : yy + E

T smiss

GMSB : stable T

Stable massive particles : R-hadrons
Stable massive particles : R-hadrons
Stable massive particles : R-hadrons
Hypercolour scalar gluons : 4 jets, m,=m,

RPV (4..=0.01, /‘.m=0.01) : high-mass ej

m

Thursday, 1 September 2011

Only a selaction of the available resulls leading to mass imits

ATLAS Searches” - 95% CL Lower Limits (Status: SUSY 2011)

1 IIIIITI 1 1 llllil] | | IIIITTI ] 1 I

ATLAS

Preliminary

q = g mass

qQ =g mass

gmass (for m(Q) = 2m(Q))

der =(0.034 - 1.34) b’
Vs =7TeV

qQ = g mass
q mass

g mass

g mass (for m(b) < 600 GeV)

g mass (for m(%.) < 80 GeV)

qQ mass
' qmass
3 0
I o (for m(3) < 600 Gev, MEL-M(E ), 4,

m(g) -m(%)
g mass (for m(bino) > 50 GeV)

f mass
g mass

b mass

I mass

sgluon mass (excl: m., < 100 GeV, m = 140 = 3 GeV)

| lllllll ] | lllllll | ] llll'll l | 1

10" 1 10
Mass scale [TeV]

Sowr
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m CT tO P_taggl N g Contransverse mass variable proposed in Tovey,

JHEP 0804 (2008) 034 and Polesello, Tovey, JHEP 1003 (2010) 030

Consider the decay of two pair-produced heavy states which both decay via:
S—=> X1

m2r(x1.x2) = [ET(x1) + ET(x2)]° — [pr(x1) — pr(x2)]°
The end-points in the mcr distribution are

determined by: For the tt system it is possible to
the mass of

calculate mct(l,), mct(jl.il), mcT(j,i
the mace of . ct(Ll), mcr(jl,jl), mc(j,))
and the sum of the transverse momenta

of all particles upstream of the system
for which the variable is calculated (pb)

“Top-tagging” algorithm

The event should have at least 2 jets with pt > 20 GeV
Consider all 2 jet permutations (ji, j2) such that the two jets have -
pt > 20 GeV and pr(ji) + pt (j2) + p7 (Ii)) + pT (I2) > 100 GeV
<\ mcT(l1,12) should be in the allowed area of the (mct(l,l2), po(l,1)) plane
A Build all pairs ((ji, I1)(ji, I2) such that m(ji, I1) < 155 GeV and m(j;, I2) < 155 GeV

There should be at least one combination with mct(j,j) in the allowed area of the mct(j,j),ps(j,j) plane.
For the combinations passing the previous cuts: mc (jl,jl) should be compatible with tt
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Opposite-Sign Dilepton Search

NEW

Latest

Opposite Sign [0OS-SR1] e~et et pT p=pt 201 | Results
(T 1.84+0.07+049 | 5.09+0.19+1.35 3.34+0.13+0.88 | 04 fb-!
Z/~v"+jets 0.013+0.008+0.67 1.03+0.4210.02 0.81+0.26+0.06
Fakes 0.17+0.194+0.36 0.92+0.96+1.15 -0.08+0.03+0.003
Dibosons 0.54+0.29+40.07 0.04+0.03+0.03 0.67+0.25+0.31
Single-top 0.11+0.11+0.05 0.47+0.16+0.16 0.484+0.17+0.09
Standard Model 2.67+0.37+1.29 7.55+1.07+2.13 5.30+0.42+1.29
Cosmics <103 <1073 < 1073
Observed 2 8 3
Opposite Sign [0S-SR2] eteT et pT p=pt
tt 1.41+0.11+0.33 3.90+0.30+0.95 2.56+0.20+0.62
Z/~y*+jets 0.45+0.23+0.44 0.84+0.59+0.32 0.27+0.144+0.27
Fakes 0.01+0.14+0.19 2.77+1.64+2.11 -0.13+0.04+0.01
Dibosons neg. 0.03+0.03+0.03 0.24+0.2140.02
Single-top 0.05+0.10+0.02 0.39+0.16+0.25 0.09+0.15+0.08
Standard Model 1.924+0.314+0.77 7.93+1.77+1.41 3.16+0.361+0.94
Cosmics <1073 < 1073 <1073
Observed 3 9 5
Opposite Sign [OS-SR3] eteT et T pnrpt
tt 0.77+0.14+0.51 2.144+0.38+1.41 1.40+0.25+40.92
Z/~v" +jets 0.01+0.01+£0.17 neg. 0.27+0.20+£0.47
Fakes 0.13+0.13+0.03 0.91+0.94+0.04 -0.034+0.02+0.001
Single-top neg. 0.0+0.0+0.02 0.10+0.10+0.05
) Standard Model 0.91+0.19+0.67 3.06+1.01+1.43 1.77+0.34+1 .41
"q Cosmics <1073 < 107° <1073
._A‘T' L/A S} Observed 0 1 1

Thursday, 1 September 2011
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Simplified Models 2010 Data

Search for - interpreted using a simplified
SUSY model (complementary to results in ( erc7i@oi 62 )

»Simpliﬁed SUSY model built with the minimal particle content
necessary to produce SUSY-like events in like-sign dilepton final
states.

»Parameterised directly in terms of sparticle masses.

Dependent on three mass parameters:

LSP q XX

4
ATEAS

Thursday, 1 September 2011
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Simplified Models 2010 Data

Signal region:

e.g. m(LSP) = 50 GeV

selection identical to( EPJC 71 (2011) 1682 )

m. =50 GeV §q— gy o, = aqW W %,
450 LI L L IT 1| TIT | IT TT*

- ATLAS Preliminary

*A
;).3
lll.lll .lllll‘ll.ll

250 300"350 400 450 50.
m; [GeV]

ll-ll-l

ATEAS
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2010 Data

Search for exactly 2-leptons with same-sign
and large missing transverse energy.

Signal-region selects events with...

10

Entries/ 10 GeV

Data/MC

Thursday, 1 September 2011

miss

Er > 100 GeV

r]r‘erIYerlv-'r]t‘vrleYv

e Data2010As=7TeV)
- Standard Model
[ Z/v+jets, WW, WZ, ZZ
Ottt
[]Dijets
B W+jets
B wob

-=+ SU4+SM

i

| llllllll 1 llllllll 1 Jlllllll

L1l llllll

ol

— 4

ErTniss [Ge

150 200 250 300 350 400

V]

Entries / 20 GeV

Data/MC

10°

10

107 | T Ly, =
2?’ ......................... Y -j'-j
% 150 200 250 300 350 400

In figures:
All backgrounds MC normalised to
luminosity x cross-section.

Electron pt > 20 GeV
Muon pt > 20 GeV
mi > 5 GeV

|

I IIIIIIII | IIHHII I llllllll

LI Illlll]

1[1!"!'!'7'7‘!’111

L dt ~ 35 pb’

'[A TLAS Preliminary

Same Sign

e Data2010As=7TeV)
- Standard Model
B Z/v+jets, WW, WZ, 2Z
Ot t
[ Dijets
B W-+jets
B wbb

-=+ SU4+SM

|. lepton pt in selected
. same-sign events

I‘lr‘rilv-'v‘lv"rvl‘rtrv

1

LA lllllll

Ll lllllll

l

LU L

L lllllll

p, [GeV]
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Same-Sign Dilepton Search 2010 Data

Same Sign, £ > 100 GeV

I PEFE: I
Data 0 0 0
Fakes 0.12 + 0.13 0.030 £ 0.026 0.014 = 0.010

Di-bosons  0.015 4+ 0.005  0.035 + 0.012  0.021 =+ 0.009
Charge-flip  0.019 4+ 0.008  0.026 + 0.011 -
Cosmics - D"_'é‘” -

Total 0.15 + 0.13 0.09 *L0L 0.04 + 0.01

Observe good agreement between
data and the Standard Model
expectation

Combining the observations in each channel
we set limits on new physics ...

Limits on cross-section x A x e
using PCL prescription
0.07 pb
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Opposite-Sign Dilepton Search 2010 Data

Search for exactly 2-leptons with opposite-sign
and large missing transverse energy.

Signal-region selects events with...

mISS

Et > 150 GeV

Electron pt > 20 GeV

Muon pt > 20 GeV

10°

my > 5 GeV

10*

THIIII] LAY

Entries / 20 GeV

10°

10°

lepton pr in selecte$lo

op;_s;t\emgn events
. 1

10!

I lllfl"] 1 -\lllll'l

I IIII—T\' I ll\"‘l

Trrrr

IL dt ~ 35 pb‘_ ) e Data 2010 As =7 TeV)
ATLAS Preliminary

| B T[T T[T rr[rrrrfrrrrrrrrrs

=~ Standard Model
Opposite Sign [l Z/r+jets, WW,. WZ, 22
i

D Dijets

.qu(s

==+ SU4+SM

] llll_li | lJLJL.l | llllll_ll 1 'LlLllll i llllil_ll LLiUe

Data/MC
o f\l) FN )]

ATEAS
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100 150 200 ‘250 300 380 400
p, [GeV]

Entries/ 10 GeV

Data/MC

it
D Dijets
) Wijets

e Data 2010 s =7 TeV) -
- Standard Model
B Z/v+jets, WW, WZ, ZZ

| llllllll | llllllll

.- @)
E = 3
= o
E s
10 =
= Y
=

q Y — rl 1 A A L L l .....
L K
L R LR T L - .. -

200 250 300 350 400

miss

In figure: Er ™ [GeV]

All backgrounds MC normalised to
luminosity x cross-section.
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Opposite-Sign Dilepton Search 2010 Data

Opposite Sign, E77°° > 150 GeV

ete” ei;ﬁ p+;1._
Data 1 B! 1
tl 0.62703L 1.247062 1.007050
Z+jets 0.19 £0.15 0.08 == 0.08 0.14 +£0.17
Fakes —0.02 1= 0.02 —0.05 £ 0.04 -

Single top 0.03 £ 0.05 0.06 == 0.08 0.10 £ 0.07
Di-bosons 0.09 £ 0.03 0.06 =0.03 0.15 £ 0.03
Cosmics - —0.2 1+ 1.18 —0.43 = 1.27
Total 0,92 55 Jo43 52 G s

Limits on cross-section X A x e
using PCL prescription

Dielectron channel 0.09 pb
Electron-muon channel 0.22 pb
Dimuon channel 0.2 pb

- A’
ATIAS
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Opposite-Sign “Flavour Subtraction” Search iJlA»F1~

SS

Signal Region E1 > 100 GeV

eret ept pEpT

Data 4 13 13
Z/v*+jets | 0.40£0.46 | 0.36+0.20 | 0.91+0.67
Dibosons | 0.30+0.11 | 0.36+0.10 | 0.61+0.10
tt 2.50+1.02 | 6.61+£2.68 | 4.71+1.91
Single top | 0.13£0.09 | 0.76+0.25 | 0.67+0.33
Fakes 0.31+0.21 | -0.15+0.08 | 0.01+0.01
Total SM | 3.64+1.24 | 8.08+2.78 | 6.91£2.20

Thursday, 1 September 2011

( Emc7i o) 1647 )

Selected opposite-sign events, before

missing transverse energy cut

\"

Weighted Entries / 10 Ge

Data/MC

10*

L] L l L]

g

L]
jw)
)
5
n
=
.
o
?
w
~
6{.

|
b jl_ dt ~ 35 pb”’ |
© Different Flavour
— Standard Model
B Z+jets, WZ, 22
O, t, ww
) W+jets

() Dijets

lllllll | lIlllllI | llIlIIlI | lllllﬁ(f

' i 2 '

100 150 200 250 300
m, [GeV]
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Opposite-Sign “Flavour Subtraction” Search [pi[1A»Z17]

Signal Region E;nis>s 100 GeV ( BIC 71 @011) o7 )
Observe Sobs in data Sﬂbs_ = 1.98 + 0.1 5(5) T 0.02(’?‘.9) T 0.06(?};)

Check consistency of Sops with the Standard Model
using pseudo-experiments
_sample the mean number of background events expected in
each channel (dielectron, electron-muon and dimuon)

. x10°
~ draw observed events in each ¢ T T
E E width (RMS) driven -
channel from these and calculate: s A™*° oy Poisson
u% 70:_ Mean: 2.06 fluctuations in tt _:
Spseudo-obs 605 RMS: 4.56 background 1

= 49.7% of pseudo-experiments s0f RMS 4.56

X " have record S > Sops :‘;
B Q .Aw:_/‘_ a deviation of Sy from zero 20

would be due to Z events in
signal region 10

ATEAS
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Opposite-Sign “Flavour Subtraction” Search [pi[1A»Z17]

( Emc7i o) 1647 )

~ Set limits on supersymmetry

- Add hypothesised numbers of events in each channel
from supersymmetry to the Standard Model counts

' Sample as before

~ Set the contributions so that % S < Seps is 5 %

TYY[II'T[YIIll"lill]lllllll

CJBR(IIN=0 3
T BR(IN=1/6 BR(Il) 1
@B BR(IN=1/3BR(l) 1
a8t BR(II=1/2 BR(Il) —

Under assumption that for
supersymmetry, BR(II') = 0 :
Limit on Ss < 8.8 at 95 % C.L. 50

40+

701

605— Prelimin ry

Experiments

. . . 30F
distribution of S values from™
pseudo-experiments with | #

supersymmetry and the

Standard Model 10 5 0§ 5 10 15 20 25 30 35 40
Sbs
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Dilepton mSUGRA/CMSSM Exclusions

2010 Data

MSUGRA/CMSSM: tanf = 3, A = 0, u>0

320
300

ATLAS

m,,, [GeV]

280
260
240
220 f
200
180
160
140
120
100

100

ATIEAS
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L™ =35 pb’, \s=7 TeV

150

2-lepton analysis (OS and SS)

g (600 GeV)

™~

—— Observed limit 95% CL SS
----- Median expected limit SS

- Observed limit 95% CL O
----- Median expected limit OS

B croT

[ LEP27,

Doy, %,

1 D0g, g, u<0, 2.1 fo
I CDF g, q, tanp=5, 2 fo'"

q (500 GeV)

200

250

MSUGRA/CMSSM: tanf = 3, A = 0, u>0

C

EPIC 71 (2011) 1647 )

C

EPIC 71 (2011) 1682 )

L™ =35pb ", \s=7 TeV

ATLAS Preliminary

300 260
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2-lepton flavour subtraction analysis

4 (600 GeV)

@ (600 GeV)

111

w—— Observed limit 95% CL
------ Median expected limit

B crot
[ LEP2
—t ;_0
007 T
| D0 g, q,u<0, 2.1 fb"
I CDF g, g, tanB=5, 2 fo

4 (500 GeV)
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Dilepton PhenoGrid Exclusions 2010 Data

800 MSS"‘ PhcnoGnd2

ATLAS L™ =35pb" \s=7 TeV C EPIC 71 2011) 1647 )

2-epton S8 (" EPIC71(2011) 1682 )

800 MSSM PhenoGrid2
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Y 2-lepton flavour subtraction analysis mé [GeV]

Masses of 3rd generation fermions = 2 TeV

ratetetetetetetetere v 0 Assume common squark mass and common slepton mass for 2nd generations
: WP AR R e rrerere:
000070002000 %0 %0 %0 20 0 % %0 % e Y b e % e . ;
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m; [GeV] and A; = utanp.

ANEAYS) my = 1000 GeV, p = 1.5 min(my, my), tan B = 4, A,=p/ tan B, Ap = ptanp,
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